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RECEIVING A SETUP REQUEST SIGNAL FOR AN INCOMING 3-1
COMMUNICATION CARRIED OVER AN ANALOG

COMMUNICATIONS LINE FROM A CIRCUIT CHANNEL NETWORK

GENERATING A SECOND SETUR REQUEST SIGNAL FOR
TRANSMISSION TO AN INTERNET PROTOCOL (IP) TELEPHONY

SYoTEM

GENERATING AN THIRD SETUP REQUEST SIGNAL FOR THE 3.3
INCOMING ANALOG CALL FOR TRANSMISSION TO ANALOG -
TELERPRHONY DEVICE

Fig. 3A

RECEIVING A SETUP REQUEST SIGNAL FOR AN INCOMING 3-1
COMMUNICATION CARRIED OVER AN ANALOG COMMUNICATIONS '
LINE FROM A CIRCUIT CHANNEL NETWORK

GENERATING A SECOND SETUP REQUEST SIGNAL FOR
TRANSMISSION TO AN INTERNET PROTOQCOL (IP) TELEPHONY
SYSTEM

3-2

RECEIVING FOURTH SETUP REQUEST SIGNAL (E.G. 1P
FORMATTED SETUP REQUEST SIGNAL) FROM THE INTERNET 55
PROTOCOL (IP) TELEPHONY SYSTEM AND GENERATING AN
ANALOG CONVERSION OF THE IP FORMATTED SETUP REQUEST
SIGNAL

TRANSMITTING THE ANALOG CONVERSION OF THE 1P 3-6
FORMATTED SETUP REQUEST SIGNAL TO THE ANALOG
TELEPHONY DEVICE AS THE THIRD SETUP REQUEST SIGNAL

Fig
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COMMUNICATIONS ADAPTOR FOR USE
WITH INTERNET TELEPHONY SYSTEM

TECHNICAL FIELD

The technology relates to telecommunications, and in
particular to devices such as a communication adaptor or
terminal adaptor that facilitates use of an Internet Protocol
(IP) telephone system.

BACKGROUND

An Internet Protocol (IP) telephony system routes various
types of communications, at least in part, via data packets
that are communicated over a data network. The data
network 1s commonly the Internet. The types of communi-
cations may be, for example, telephone calls, video calls,
text and video messages, and other forms of telephony and
data communications. The users of the Internet Protocol (IP)
telephony system typically gain access to the Internet using,
an Internet service provider so that they can communicate
via the IP telephony system.

Customers of an IP telephony system can place and
receive telephone calls using various types of telephony
devices. One type of telephony device 1s an IP telephone that
1s typically connected to an Internet service provider via a
wired connection or router. Another type of telephony
device 1s a soft-phone client running on a computer which
can place and receive IP based telephone calls. Yet another
type of telephony device 1s a mobile telephony device such
as a mobile computing device, mobile phone or the like
which has wireless transmission and reception capabilities,
and 1s connected to a wireless router or to a base station of
a cellular network, for example using WikF1 or cellular
telephone technology.

Another type of telephony device 1s an analog telephone
which 1s connected to the Internet via terminal adaptor. The
terminal adaptor converts analog signals from the telephone
into data signals that pass over the Internet, and vice versa.
In some embodiments multiple analog telephones may be
coupled to the same terminal Analog telephone devices
include, but are not limited to, standard telephones and
document 1maging devices such as facsimile machines. A
configuration using a terminal adaptor 1s common where one
or more analog telephones are located in a residence or
business, and all of the telephones are connected to the same
terminal adaptor. With this configuration, all of the analog
telephones may share the same telephone number assigned
to the terminal.

One example terminal adaptor 1s the H1303 FXS/FXO
Port Analog Telephone Adaptor sold by Grandstream Net-
works, Inc., and described 1 a HT303 User Manual. The
HT303 adaptor has an FXO port which 1s connected to the
plain old telephone system (POTS), an FXS port which 1s
connected to an analog telephone, and a WAN port which 1s
connected to an IP telephony network through a data net-
work such as the Internet. The HTS503 adaptor allows the
analog telephone to answer calls which are imncoming from
the IP telephony network and to place outbound calls using
the IP telephony network. The HT303 adaptor also supports
routing mcoming calls received at the FXO port to the SIP
network (IP telephony system) as part of out-of-box func-
tionality. However, the H1503 adaptor does not support
routing mcoming calls received at the FXO port to both an
IP telephony system and to an analog telephone for the same
incoming call. Rather, the HT503 adaptor routes the incom-
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ing call to one or the other of the IP telephony system and
the analog telephony, but not both.

A processor in the HT503 adaptor converts signaling and
user traflic between the FXS port (which 1s connected to the
analog telephone) and the WAN port (which 1s ultimately
connected to the IP telephony system). In some instances
certain outbound calls from the analog telephone may be
directed by the processor to the POTS-connected FXO port,
such as emergency calls or calls that are preceded by a
special prefix or code which indicates that the calls are not
to be handled by the IP telephony system.

In view of their digital, packetized operation, IP telephony
systems may provide various services that enhance a cus-
tomer’s telephony experience and provide expanded or
additional capabilities, particularly when dealing waith
inbound calls. But when using a prior art adaptor, an analog
telephone connected to the prior art adapter 1s not able to

participate in such enhanced or expanded services for a
POTS-originated call.

SUMMARY

In one of 1ts aspects the technology disclosed herein
concerns a communications adaptor comprising an adaptor
first port; an adaptor second port; an adaptor third port; and
a processor. The adaptor first port 1s configured to connect to
an analog communications line. The adaptor second port 1s
configured to connect to a data network. The adaptor third
port 1s configured to connect to an analog telephony device.
The processor 1s configured to determine that a first call
setup request signal has been received at the adaptor first
port. The processor 1s further configured, subsequent to such
determination: (1) to transmit a second call setup request
signal over the adaptor second port to an Internet Protocol
(IP) telephony system over the data network; and (2) to
transmit a third call setup request signal over the adaptor
third port.

In an exemplary embodiment and mode the second call
setup request signal includes an indication that the first call
setup request was received at the adaptor first port.

In an exemplary embodiment and mode the processor 1s
turther configured to provide the IP telephony system with
an account identifier of a subscriber associated with the
communications adaptor.

In an exemplary embodiment and mode the processor 1s
configured to generate the third call setup request signal by
converting the second call setup request signal from digital
to analog format.

In an exemplary embodiment and mode the processor 1s
turther configured to substantially simultaneously transmit
the third call setup request signal over the adaptor third port
and transmit the second call setup request signal over the
adaptor second port.

In an exemplary embodiment and mode the processor 1s
further configured to transmit the second setup request
signal to the adaptor third port at a time delay after trans-
mission ol the second setup request signal to the Internet
Protocol (IP) telephony system.

In an exemplary embodiment and mode the processor 1s
configured to generate the third setup request signal upon
receipt ol a fourth setup request signal received from the
Internet Protocol (IP) telephony system. In an example
implementation the processor i1s configured to convert the
fourth setup request signal to the third setup request signal.

In an exemplary embodiment and mode the processor 1s
further configured to receive an ofl hook condition 1ndica-
tion from the analog telephony device; and in accordance
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with the off hook condition indication to cancel the second
setup request signal to the IP telephony system over the data
network. In an example implementation the processor 1s
turther configured 1n accordance with the off hook condition
indication to generate a notification signal to the IP tele-
phony system with information to enable the IP telephony
system to make a record of the incoming communication.

In an exemplary embodiment and mode the processor 1s
turther configured to receive an ofl hook condition 1ndica-
tion of an extension telephony device registered with the 1P
telephony system; and in accordance with the off hook
condition indication to cancel the third setup request signal
to the analog telephony device.

In an exemplary embodiment and mode the processor 1s
further configured to make a determination regarding
unavailability of the data network; and 1n accordance with
the unavailability determination, to route communications
between the adaptor first port and the adaptor third port.

In an exemplary embodiment and mode the processor 1s
configured by default to connect the adaptor third port to the
adaptor second port when the analog telephone device
mitiates an outbound communication unless the processor
receives a default override indication. In an exemplary
implementation the processor 1s configured to generate a
notification signal to the IP telephony system with informa-
tion to enable the IP telephony system to make a record of
the outbound communication.

In another of 1ts aspects the technology disclosed herein
concerns a method of operating a communications adaptor.
The method comprises receiving at an adaptor {first port of
the communications adaptor a first setup request signal for
an incoming communication carried over an analog com-
munications line; generating a second setup request signal
for transmission to an Internet Protocol (IP) telephony
system over a data network connected to an adaptor second
port of the communications adaptor when the first setup
request signal for the mcoming communication 1s recerved
over the analog communications line; and generating a third
setup request signal for the mcoming communication
received over the analog communications line for transmis-
s10n to an adaptor third port of the communications adaptor.
The adaptor third port of the communications adaptor is
connected to an analog telephony device.

In an exemplary embodiment and mode the second setup
request signal 1s a digital setup request signal and the third
setup request signal 1s an analog setup request signal.

In an exemplary embodiment and mode the method
turther comprises configuring the second setup request sig-
nal for transmission to an Internet Protocol (IP) telephony
system to include an indication that the incoming commu-
nication was received at the adaptor first port.

In an exemplary embodiment and mode the method
turther comprises generating the third setup request signal
by converting the second setup request signal transmitted to
the Internet Protocol (IP) telephony system.

In an exemplary embodiment and mode the method
turther comprises transmitting the third setup request signal
to the adaptor third port simultaneously with the generation
of the digital setup request signal for transmission to an
Internet Protocol (IP) telephony system.

In an exemplary embodiment and mode the method
turther comprises transmitting the third setup request signal
to the adaptor third port at a time delay after transmission of
the second setup request signal to the Internet Protocol (IP)
telephony system.

5

10

15

20

25

30

35

40

45

50

55

60

65

4

In an exemplary embodiment and mode the method
further comprises configuring the time delay to allow the
Internet Protocol (IP) telephony system to perform a call
enhancement service.

In an exemplary embodiment and mode the method
turther comprises performing call forwarding, simultaneous
ring, or sequential ring as the call enhancement service.

In an exemplary embodiment and mode the method
turther comprises recerving an oil hook condition indication
from the analog telephony device; and, 1n accordance with
the off hook condition indication, cancelling the second
setup request signal to the IP telephony system over the data
network.

In an exemplary embodiment and mode the method
further comprises receiving an oil hook condition indication
from an extension telephony device registered with the IP
telephony system; and in accordance with the off hook
condition 1ndication canceling the third setup request signal
to the analog telephony device.

In an exemplary embodiment and mode the method
further comprises receiving a fourth setup request signal
from the IP telephony system; and using the fourth setup
request signal to generate the analog setup request signal for
transmission to the adaptor third port. In an exemplary
implementation the method further comprises generating the
third setup request signal by converting the fourth setup
request signal from digital to analog.

In another of 1ts aspects the technology disclosed herein
concerns a method of operating an Internet Protocol (IP)
telephony system. In 1ts basic form the method comprises
receiving a setup request signal from a communications
adaptor, the setup request signal including an 1indication that
the setup request signal was generated as a result of receipt
by the communications adaptor of a setup request signal
from a public switched telephony network (PSTN); and
generating an IP-formatted setup request signal to at least
one extension telephony device which 1s registered with the
IP telephony system.

In an exemplary embodiment and mode an analog tele-
phony device connected to the communications adaptor 1s
included 1n the at least one extension telephony device.

In an exemplary embodiment and mode the method
turther comprises performing a call enhancement service

which affects how the IP-formatted setup request signal 1s
sent to the at least one extension telephony device.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features, and advantages
of the technology disclosed herein will be apparent from the
following more particular description of preferred embodi-
ments as illustrated 1n the accompanying drawings in which
reference characters refer to the same parts throughout the
various views. The drawings are not necessarily to scale,
emphasis instead being placed upon illustrating the prin-
ciples of the technology disclosed herein.

FIG. 1A 1s a diagrammatic view of a telephony commu-
nications adaptor associated with an Internet Protocol (IP)
telephony system 1n accordance with an example embodi-
ment with the telephony communications adaptor perform-
ing certain basic acts 1n accordance with a generic mode.

FIG. 1B 1s a diagrammatic view of the telephony com-
munications adaptor performing certain further and optional
acts 1 accordance with an example IP network controlled
mode.
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FIG. 1C 1s a diagrammatic view of the telephony com-
munications adaptor performing certain further and optional

acts 1n accordance with an example enhanced service mode.

FIG. 2 1s a diagrammatic view of various elements of
computer circuitry that may comprise either an IP telephony
system or a telephony communications adaptor in accor-
dance with example embodiments.

FIG. 3A 1s a flowchart showing example, representative
acts or steps performed by a communications adaptor
according to the example generic method of FIG. 1A.

FIG. 3B 1s a flowchart showing example, representative
acts or steps performed by a communications adaptor
according to the example IP network controlled mode of
FIG. 1B.

FIG. 4A 1s a diagrammatic view showing signaling asso-
ciated with an Internet Protocol (IP) telephony system
performing certain basic acts 1n accordance with the generic
mode of FIG. 1A.

FIG. 4B 1s a diagrammatic view showing signaling asso-
ciated with an Internet Protocol (IP) telephony system
performing certain basic acts i1n accordance with the
example IP network controlled mode of FIG. 1B

FIG. 4C(1)-FIG. 4C(4) are diagrammatic view showing
various 1mplementations of signaling associated with an
Internet Protocol (IP) telephony system performing certain
basic acts in accordance with the example enhanced service
mode of FIG. 1C.

FIG. 5 1s a diagrammatic more detailed view of a tele-
phony communications adaptor associated with an Internet
Protocol (IP) telephony system in accordance with an
example embodiment.

FIG. 6 1s a diagrammatic view showing an indication of
PSTN imnvolvement in the form of a PSTN flag in a header
of an outgoing IP packet.

DETAILED DESCRIPTION

In the following description, for purposes of explanation
and not limitation, specific details are set forth such as
particular architectures, interfaces, techniques, etc. in order
to provide a thorough understanding of the technology
disclosed herein. However, it will be apparent to those
skilled 1n the art that the technology disclosed herein may be
practiced 1 other embodiments that depart from these
specific details. That 1s, those skilled in the art will be able
to devise various arrangements which, although not explic-
itly described or shown herein, embody the principles of the
technology disclosed herein and are included within 1ts spirit
and scope. In some 1nstances, detailed descriptions of well-
known devices, circuits, and methods are omitted so as not
to obscure the description of the technology disclosed herein
with unnecessary detail. All statements herein reciting prin-
ciples, aspects, and embodiments of the technology dis-
closed herein, as well as specific examples thereof, are
intended to encompass both structural and functional
equivalents thereof. Additionally, 1t 1s intended that such
equivalents include both currently known equivalents as
well as equivalents developed 1n the future, 1.e., any ele-
ments developed that perform the same function, regardless
ol structure.

Thus, for example, 1t will be appreciated by those skilled
in the art that block diagrams herein can represent concep-
tual views of illustrative circuitry or other functional units
embodying the principles of the technology. Stmilarly, 1t will
be appreciated that any flow charts, state transition dia-
grams, pseudocode, and the like represent various processes
which may be substantially represented in computer read-

5

10

15

20

25

30

35

40

45

50

55

60

65

6

able medium and so executed by a computer or processor,
whether or not such computer or processor 1s explicitly
shown.

In this description, the terms “VoIP system™, “VoIP tele-
phony system”, “IP system” and “IP telephony system” are
all intended to refer to a system that connects callers and that
delivers data, text and video communications using Internet
Protocol data communications.

In this description references are made to an “IP telephony
device” or “telephony device”. These terms are used to refer
to any type of device which 1s capable of interacting with an
IP telephony system to complete a telephone call, including
but not limited to those already described above. An IP
telephony device could be an IP telephone, a computer
running IP telephony software, a terminal adaptor which 1s
connected to an analog telephone, or some other type of
device capable of communicating via data packets. An IP
telephony device could also be a cellular telephone or a
portable or tablet computing device that runs a software
client that enables the device to act as an IP telephone. Thus,
a single device might be capable of operating as both a
cellular telephone and an IP telephony device.

This description also refers to a mobile telephony device.
The term “mobile telephony device” 1s itended to encom-
pass multiple different types of devices. In some instances,
a mobile telephony device could be a cellular telephone. In
other mstances, a mobile telephony device may be a mobile
computing device that includes both cellular telephone capa-
bilities and a wireless data transceiver that can establish a
wireless data connection to a data network. Such a mobile
computing device could run appropriate application sofit-
ware to conduct VoIP telephone calls via a wireless data
connection. Thus, a mobile computing device, such as an
Apple 1Phone™, a RIM Blackberry or a comparable device
running Google’s Android operating system could be a
mobile telephony device.

In still other 1stances, a mobile telephony device may be
a device that 1s not traditionally used as a telephony device,
but which includes a wireless data transceiver that can
establish a wireless data connection to a data network. That
1s, certain devices that are not traditionally used as telephony
devices may act as telephony devices once they are config-
ured with appropriate client software. Thus, some devices
that would not normally be considered telephony devices
may become telephony devices or IP telephony devices once
they are running appropriate software. One example would
be a desktop or a laptop computer that 1s runming software
that can interact with an IP telephony system over a data
network to conduct telephone calls. Another example would
be a portable computing device, such as an Apple 1Pod
Touch™, which includes a speaker and a microphone. A
software application loaded onto an Apple 1IPod Touch™ can
be run so that the Apple 1Pod Touch™ can 1nteract with an
IP telephony system to conduct a telephone call.

This description also refers to telephony communications
(“communications”) and telephony activity. These terms are
intended to encompass all types of (telephony) communi-
cations, regardless of whether all or a portion of the com-
munications are carried i an analog or digital format.
Telephony commumnications could include audio or video
telephone calls, facsimile transmissions, text messages,
SMS messages, MMS messages, video messages, and all
other types of telephony and data commumnications sent by or
received by a user. These terms are also intended to encom-
pass data communications that are conveyed through a
PSTN or VOIP telephony system. In other words, these
terms are intended to encompass any communications what-
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soever, 1n any format, which traverse all or a portion of a
communications network or telephony network.

FIG. 1A shows a telephony communications adaptor 20
which 1s also simply referred to as an “adaptor” or “terminal
adaptor”. The adaptor 20 comprises adaptor housing 22
which may take any desired shape or size, but 1s shown for
sake of convenience i FIG. 1A as being an essentially
rectangular frame with walls on all faces thereof. The
adaptor housing 22 comprises various adaptor ports, includ-
ing adaptor first port 24, adaptor second port 26, and adaptor
third port 28. Adaptor first port 24 1s configured to connect
to an analog communications line 30. Adaptor second port
26 1s configured to connect to a data network 34. Adaptor
third port 28 1s configured to connect to an analog telephony
device 32. The ports 24, 26, and 28, as well as other
unillustrated ports and power supply connections may be
accessible through the adaptor housing 22.

The analog communications line 30 1s connected to an
analog or “circuit switched” type telephony network such as
the type traditionally termed the “plain old telephone sys-
tem” (“POTS”) 35. Generally “POTS” refers to the plain old
telephone service provided over analog copper loops. POTS
lines are typically connected to the public switched tele-
phony network (PSTN) 36 at a central oflice via Class 5
telephone switches. Thus, through the analog communica-
tions line 30 a customer or user associated with the adaptor
20 may have access to one or more fixed network telephony
providers or operators.

As mentioned above, the data network 34 to which
adaptor second port 26 1s connected may be a data network
such as the Internet, for example. FIG. 1A further shows that
adaptor 20 may be configured or programmed to operate 1n
conjunction with an Internet Protocol (IP) telephony system,
¢.g., IP telephony system 40. The IP telephony system 40
may be connected to the public switched telephony network
(PSTN) 36 through a PSTN gateway 41, which may be
either internal to IP telephony system 40 or external.

As shown in FIG. 1A, IP telephony system 40 may
comprise various functionalities and units, such as call setup
function 42, telephony device register 43, and enhanced
service function (“enhanced functionality™) 44. The IP tele-
phony system 40 provides IP telephony services to plural
customers or users, each customer or user having an account
with IP telephony system 40. Each customer or user may
have one or more telephony devices registered 1n telephony
device register 43 with the customer’s IP telephony network
account. In the example scenario shown in FIG. 1A, a
customer/user has registered telephony communications
adaptor 20 as the user’s primary telephony device, but has
also registered 1n telephony device register 43 an extension
telephony device 45 with the IP telephony system 40. Thus,
telephony device register 43 may keep a record of Interna-
tional Mobile Subscriber Identity (IMSI) values of one or
more registered extension telephony devices, along with the
associated calling number and/or account identifier.

The extension telephony device 45 may take any of
vartous forms, e.g., any form of telephony device as
described herein, including but not limited to an internet
phone, a mobile telephony device, or a computer or laptop
with or without mobile termination. The extension tele-
phony device 45 may have access to data network 34 (and
thus access to IP telephony system 40) through an access
point 46 or through a base station 48 of a radio access
network 50. Depending on whether the extension telephony
device 45 1s stationary or mobile, the access point 46 may be
(for example) a wired or wireless router. As shown 1 FIG.
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1A, the radio access network 50 may comprise public
switched telephony network (PSTN) 36.

It should be understood that more than one extension
telephony device 45 may be registered with IP telephony
system 40 1n conjunction with a customer’s account. For
example, the customer’s account may have one or more
internet telephones or mobile telephony devices registered 1n
the telephony device register 43 of IP telephony system 40.
The telephony device register 43 may include not only
identifications of the extension telephony devices registered
with the IP telephony system 40, but locations (e.g., internet
addresses or telephone numbers) associated with each.

In addition to its ports, FIG. 1A shows adaptor 20 as
comprising processor 60. In an example embodiment pro-
cessor 60 may comprise computer circuitry 61 of the type
illustrated 1n FIG. 2. Among 1ts other functions, processor 60
1s configured to generate a setup request signal for trans-
mission to Internet Protocol (IP) telephony system 40 over
data network 34 when a setup request signal for an incoming
communication 1s received at adaptor first port 24.

As shown 1n FIG. 1A, the flowchart of FIG. 3A, and the
signal diagram of FIG. 4A, an example mode of a method of
operating adaptor 20 and 1ts processor 60 more particularly
comprises the basic acts or steps 3-1, 3-2, and 3-3. Act 3-1
comprises receiving at adaptor first port 24 of the commu-
nications adaptor 20 a setup request signal (S5-3-1) for an
Incoming communication carried over analog communica-
tions line 30 via POTS 35 from public switched telephony
network (PSTN) 36. As part of act 3-1 the processor 60
determines that a first call setup request signal has been
received at the adaptor first port. Then, subsequent to such
determination, processor 60 performs acts 3-2 and 3-3.

Act 3-2 comprises transmitting a second call setup request
signal (5-3-2) over the adaptor second port 26 to Internet
Protocol (IP) telephony system 40 over the data network 34.
For example, as act 3-2 the processor 60 may generate a
digital setup request signal (S-3-2) for a data connection
when the setup request signal for the mcoming communi-
cation 1s recerved over the analog communications line 30.
The digital setup request signal of act 3-2 1s generated by
processor 60 for transmission to Internet Protocol (IP)
telephony system 40 over data network 34 connected to
adaptor second port 26 of the communications adaptor. As
explained herein, in an example implementation the setup
request signal (S-3-2) may take the form of a Session
Initiation Protocol (SIP) INVITE message. See, e.g., Inter-
net Engineering Task Force, RFC 3261, “SIP: Session
Initiation Protocol”, June 2002, which 1s incorporated herein
by reference 1n 1ts entirety.

The data connection for which the digital setup request
signal (S-3-2) 1s generated by adaptor 20 1s not a mere
forwarding of the setup request signal (5-3-1) for an incom-
ing PSTN call. Rather, the digital setup request signal
(S-3-2) 1s generated as a new connection request which may
reflect some of the parameters of the incoming PSTN call,
such as, e.g., caller ID of the PSTN caller. In other words,
the digital setup request signal (S-3-2) initiates a new
connection which 1s different from the incoming PSTN call
while using signaling information based on the mmcoming
PSTN call (e.g., of the setup request signal (S-3-1)).

Act 3-3 comprises transmitting a third call setup request
signal (5-3-3) over the adaptor third port 28. For example,
the processor may be configured to generate for the third call
setup signal (S-3-3) an analog setup request signal for
transmission to adaptor third port 28, e.g., to analog tele-
phony device 32. Thus in this FIG. 1A/FIG. 3A/FIG. 4A

implementation the method of operating the processor 60
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turther comprises act 3-3 shown in FIG. 3A, e.g., upon
receipt of the setup request signal (S-3-1) for the incoming
analog (PSTN) call, generating an analog setup request
signal (S-3-3) for transmission to adaptor third port 28, e.g.,
to analog telephony device 32.

In one example implementation, the act 3-3 of generating
the analog setup request signal may comprise converting the
digital setup request signal (5-3-2) from digital to analog
form. The act of processor 60 “converting” the digital setup
request signal (S-3-2) for the incoming (PSTN) call does not
mean that converted signal S-3-3 1s essentially a passthrough
ol setup request signal (S-3-1). Rather, since processor 60 1s
a digital device, the processor 60 preferably converts the
digital setup request signal (S-3-2) from analog form to
digital form. The processor 60 converts the digital setup
request signal (S-3-2) to analog form to output the converted
signal S-3-3 to adaptor third port 28.

The timing of the transmission of the generation of the
analog setup request signal S-3-3 may be selectively con-
trolled by processor 60. In one example implementation the
processor 60 may be configured to generate and transmit the
analog setup request signal S-3-3 to the adaptor third port
essentially immediately after the analog setup request signal
S-3-1 1s received. For example, the digital setup request
signal (S-3-2) and the analog setup request signal S-3-3 may
be transmitted essentially in parallel. That 1s, the digital
setup request signal (S-3-2) and the analog setup request
signal S-3-3 may be transmitted essentially. In this “parallel”
example implementation a sequence of events such as those
shown in Table 1 may occur. In Table 1 and otherwise
herein, “FXO” refers to adaptor first port 24 and “FXS”
refers to adaptor third port 28. All of the interactions/
occurrences of Table 1 are controlled by processor 60.

TABLE 1

Incoming ring detection on FXO -> Ring generation on FXS
Incoming caller ID on FXO -> Caller ID generation on FXS

User goes off-hook on FXS -> FXO port goes off-hook signaling to
the PSTN that the call 1s answered

Audio path is established bidirectionally between FXS & FXO ports
as follows:

FXO -> A/D -> D/A -> FXS

FXS -> A/D -> D/A -> FXO

User goes on-hook on FXS -> FXO port goes on-hoo ksignaling to
the PSTN that the call 1s terminated

Audio path is torn down

In another example implementation the processor 60 may
be configured to generate and transmit the analog setup
request signal S-3-3 to adaptor third port 28 at a time delay
alter generation of the setup request signal (S-3-2). In such
delayed implementation the time delay may be configured to
allow the Internet Protocol (IP) telephony system 40 suili-
cient time to perform a call enhancement service, as herein
described. The duration of the time delay may be determined
by processor 60, or by IP telephony system 40. In the latter
regard, the processor 60 may be dependent upon signaling
from IP telephony system 40 for advising the processor 60
when to send the analog setup request signal S-3-3 to
adaptor third port 28.

In an example embodiment described herein, the analog
setup request signal (5-3-3) may be generated upon receipt
of an IP-formatted setup request signal received from IP
telephony system 40. The IP-formatted setup request signal
received from IP telephony system 40 may also be referred
to as a fourth setup request signal. For example, the pro-
cessor may be configured to convert the IP formatted setup
request signal to the analog setup request signal (S-3-3).
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Upon receipt of the digital setup request signal (S-3-2) at
the IP telephony system 40, the call setup function 42
consults at least telephony device register 43 to determine to
which telephony devices, e.g., to which extension telephony
device(s) 45, a further setup request signal 1s to be trans-
mitted for the customer who 1s being called by the incoming
PSTN call. Assuming that the telephony device register 43
indicates that extension telephony device 45 1s such a
registered device designated to receive an mncoming call for
the customer, the call setup function 42 sends a further setup
request signal (S-3-4) to the extension telephony device 435
as shown 1 FIG. 1A and FIG. 4A. Like the setup request
signal (S-3-2), the further setup request signal (5-3-4) 1s an
[P-formatted setup request signal, but has routing and
address information modified so that the turther setup
request signal (S-3-4) will reach the extension telephony
device 45. The further call setup signal also may include
caller ID information of the calling party.

Thus, 1n the example embodiment of FIG. 3A, the analog
setup request signal S-3-3 1s sent by processor 60 to adaptor
third port 28 independently of IP telephony system 40, e.g.,
without having to receirve an IP-formatted signal from IP
telephony system 40 that 1s sent to one or more extension
telephony devices. Thus, in view of the independent nature
of the analog setup request signal S-3-3, 1t 1s possible that the
analog telephony device 32 may answer the call or go “off
hook”. Should the analog telephony device 32 answer the
call, the “off hook™ signal from analog telephony device 32
1s sent to processor 60. In accordance with the off hook
condition 1ndication processor 60 sends another signal over
the data network 34 to IP telephony system 40 to cancel the
digital setup request signal over the data network, e.g., to
stop the “ringing” at other extension telephony devices.
However, in an example implementation, the processor 60 1s
turther configured in accordance with the off hook condition
indication to generate a notification signal to the IP tele-
phony system with information to enable the IP telephony
system to make a record of the mncoming communication.
That 1s, the IP telephony system 40 may include the incom-
ing communication, answered by analog telephony device
32, 1n a log of communications for the customer’s account.

In another example implementation illustrated i FIG. 1B,
the flowchart of FIG. 3B, and the signaling diagram of FIG.
4B, the analog telephony device 1s considered one of the
extension telephony devices 45 which 1s contacted by IP
telephony system 40 in accordance with call setup and, in
some 1mplementations, other logic of IP telephony system
40. Thus, in FIG. 1B the analog telephony device 1s shown
as analog telephony device 45 (32), e.g., an “extension”
analog telephony device. In the embodiment of FIG. 1B
FIG. 3B, and FIG. 4B, the analog telephony device 45 (32)
1s one of the extension telephony devices which 1s registered
in telephony device register 43.

The method of operating the processor 60 of adaptor 20
in the embodiment of FIG. 1B, FIG. 3B, and FIG. 4B thus
involves an act 3-5. Act 3-5 comprises receiving an IP-
formatted setup request signal from IP telephony system 40
(shown as signal S-3-5 mn FIG. 1B and FIG. 4B) and
generating the analog setup request signal based on the IP
formatted setup request signal. For example, the analog
setup request signal (5-3-6) of FIG. 3B may be an analog
conversion of the IP-formatted setup request signal (S-3-5)
Act 3-6 comprises the processor 60 sending the analog setup
request signal based on the IP formatted setup request signal
(1llustrated as signal S-3-6 1 FIG. 1B and FIG. 4B) to
adaptor third port 28, and thus to analog telephony device 45
(32).
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FIG. 1C and FIG. 4C(1)-FIG. 4C(4) show other example
embodiments and modes which implement variations of the
embodiment of FIG. 1B, FIG. 3B, and FIG. 4B. In the
example embodiments of FIGS. 1C and 4D(1)-FIG. 4C(4)
the IP telephony system 40 invokes enhanced service func-
tion 44 (also known as call enhancement function) in
conjunction with its transmission of IP-formatted further
setup request messages to one or more extension telephony
devices. The call enhancement service function 44 may
allect how the IP-formatted setup request signal 1s sent to at
least one extension telephony device, e.g., in what order
[P-formatted setup request signaling 1s sent to the extension
telephony device(s). The enhanced service function 44 may
comprise, for example, services such as call forwarding,
simultaneous ring, sequential ring, or call blocking. For the
purpose of 1llustrating various examples of enhanced service
function 44, FIG. 1C and FIG. 4C(1)-FIG. 4C(4) show
turther telephony devices. In particular, FI1G. 4C(1) shows a
turther telephony device 45" which 1s not registered with the
call-receiving customer’s account in telephony device reg-
ister 43, but 1s registered with IP telephony system 40 (e.g.,
perhaps 1n association with another customer account). In
FIG. 4C(3)-FI1G. 4C(4) the further telephony device 45" may
be a further extension telephony device which 1s registered
(along with extension telephony device 45 and analog
telephony device 45 (32)) with the call-receiving customer’s
account 1n telephony device register 43. FIG. 1C and FIG.
4C(1)-F1G. 4C(4) show telephony device 45' as being con-
nected via access point 46'.

FIG. 1C shows as act 3-7 the call setup function 42
invoking enhanced service function 44, which 1n turn may
invoke telephony device register 43 1n order to determine
which telephony devices are to be involved in the enhanced
service function. The further acts performed depend on
whether the enhanced service function 44 1s the service of
call forwarding (shown 1n FIG. 4C(1)), simultaneous ring
(shown 1n FIG. 4C(3)), or sequential ring (shown in FIG.
4C(4)).

FIG. 4C(1) shows implementation of a call forwarding
service 1 which the communication immbound from public
switched telephony network (PSTN) 36 (as reflected by
signal S-3-1) 1s forwarded to telephony device 45' which 1s
associated with another called party number. That another
called party number may or may not be registered with IP
telephony system 40. Therefore, FIG. 4C(1) shows the IP
telephony system 40 performing the enhanced service func-
tion 44 by sending the further call setup request signal
S-3-7-1i to a telephony device 45" which 1s registered with
IP telephony system 40. On the other hand, for an alternative
case, FIG. 4C(2) shows the IP telephony system 40 per-
forming the enhanced service function 44 by sending the
turther call setup request signal S-3-7-1p to a telephony
device 45" which 1s not registered with IP telephony system
40. For the telephony device 45" which 1s not registered with
IP telephony system 40 the IP-formatted further call setup
request signal S-3-7-1p 1s sent to processor 60 of adaptor 20,
which converts the further call setup request signal S-3-7-1p
to analog for sending to public switched telephony network
(PSTN) 36. The public switched telephony network (PSTN)
36 may then route the call to unregistered telephony device
45'. A similar result may be achieved by the IP telephony
system 40 forwarding the call through a PSTN gateway, with
a difference being that upon routing through the adaptor the
PSTN number will be presented as the calling party 1D
rather than the original caller’s ID.

FIG. 4C(3) shows implementation of a simultaneous ring
service which 1s performed by enhanced service function 44
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of IP telephony system 40 for the communication inbound
from public switched telephony network (PSTN) 36 (as
reflected by signal S-3-1). In performing the simultaneous
ring service the IP telephony system 40 essentially simul-
taneously sends further call setup request signals to each of
the telephony devices which are registered for the call-
receiving customer 1n telephony device register 43. FIG.
4C(3) thus shows IP telephony system 40 as sending the
turther call setup request signal S-3-4 to extension telephony
device 45, a further call setup request signal S-3-4' to
extension telephony device 45', and the IP-formatted setup
request signal S-3-5 to adaptor 20. The further call setup
request signal S-3-4 and the further call setup request signal
S-3-4' are both understood with respect to act 3-4 as above
described 1n conjunction with, e.g., FIG. 4A. As previously
described, the IP-formatted setup request signal S-3-5 sub-
sequently results 1n the processor 60 generating the analog
setup request signal based on the IP formatted setup request
signal (illustrated as signal S-3-6 in FIG. 4C(3)) and sending
the analog signal S-3-6 to adaptor third port 28, and thus to
analog telephony device 45 (32). Thus, in the example
embodiment of FIG. 4C(3), all registered telephony devices
essentially are “rung” at the same time.

FIG. 4C(4) shows implementation of a sequential ring
service which 1s performed by enhanced service function 44
of IP telephony system 40 for the communication inbound
from public switched telephony network (PSTN) 36 (as
reflected by signal S-3-1). In performing the sequential ring
service the IP telephony system 40 essentially sends turther
call setup request signals, one at a time 1 a predefined
sequence, to the telephony devices which are registered for
the call-receiving customer 1n telephony device register 43.
For the particular example shown in FIG. 4C(4), the
enhanced service function 44 1s preconfigured to first contact
extension telephony device 43, and 1f extension telephony
device 45 does not answer within a predefined time interval,
to secondly contact extension telephony device 45'. IT exten-
sion telephony device 4% does not answer within a pre-
defined time interval, the enhanced service function 44 1s
configured to contact analog telephony device 45 (32).
Accordingly, FIG. 4C(4) shows by arrow T1 a first prede-
termined time 1nterval (following transmission of the further
call setup request signal S-3-4 to extension telephony device
45). If time mterval T1 elapses with no answer by extension
telephony device 45 a further call setup request signal S-3-4'
1s sent to extension telephony device 4%'. Likewise, FIG.
4C(4) shows by arrow 12 a second predetermined time
interval (following transmission of the further call setup
request signal S-3-4' to extension telephony device 45). IT
time interval 12 elapses with no answer by extension
telephony device 45' an IP-formatted setup request signal
S-3-5 1s sent to adaptor 20. Of course, 1f any prioritized
telephony device answers, there 1s no need to contact any
other telephony device registered in the sequential ring list.

The enhanced service function 44 of call blocking 1s not
separately 1llustrated, 1t being understood that no further call
setup request signals are transmitted to any telephony device
in conjunction with a call blocking service.

Thus, by sending the digital call request signal S-3-2 to IP
telephony system 40 upon receipt of a call request signal
S-3-1 from public switched telephony network (PSTN) 36,
the adaptor 20 1s able to ivoke services of IP telephony
system 40 which otherwise would not be available had the
adaptor 20 simply routed the call to analog telephony device
32, e.g., call enhancement services. Moreover, 1n being able
to also send an analog setup request signal to the analog
telephony device 32, the analog telephony device 32 1s able
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to participate 1n the call enhancement services, 1n manner
controlled by the IP telephony system 40. Example such
services 1nclude those enhanced services described above,
¢.g., call forwarding (shown in FIG. 4C(1)), simultaneous
ring (shown i FIG. 4C(3)), sequential ring (shown in FIG.
4C(4)), and call blocking, among others. A non-exhaustive

list of other call enhancement services may include those
listed 1n Table 2.

TABLE 2

Other Examples of Call Enhancement Services

Caller reaches an interactive voice response (IVR) through which the
caller may select an extension to which the call 1s to be directed.

For anonymous callers, the caller is asked to i1dentify himself before the
call 1s directed to one or more extensions. When the call 1s answered,

the caller’s identity 1s played back and the customer i1s given an option

to accept or reject the call.

Callers are selectively blocked based on numbers entered by the customer
in a blocked call list.

Day/Time based rules - set different call forward or simultaneous/sequen-
tial ring rules based on time of day & day of week

If the customer associated adaptor 20 were to receive a
second mcoming call after receipt of a first call, the adaptor
20 generates a second request setup message for transmis-
sion to IP telephony system 40 for the second incoming call.
For example, m an example embodiment in which the
signaling implemented by adaptor 20 1s SIP signaling,
receipt ol a second request setup message may result in
generation of a second SIP INVITE message, which 1s a
separate message from the first SIP INVITE message and
which sets up a separate session than the first SIP INVITE
message. Like the first SIP INVITE message, the second SIP
INVITE message may bear the caller identifiers (IDs) of the
respective calling party, so that the customer may determine
whether the customer wants to answer the second incoming,
call and place the first call on hold. If the customer wants to
accept the second mncoming call, using the telephony device
in which the customer 1s already participating 1n the first call
the customer puts the first call on hold and accepts the
second mcoming call. A “flash-hook™ 1s sent from the FXO
port, e.g., adaptor first port 24, which tells the public
switched telephony network (PSTN) 36 to switch from the
first call to the second call. Later, should the customer want
to go back to the first call, the customer puts the second call
on hold. This results 1n a flash-hook to be sent from the FXO
port to the PSTN 36 telling the PSTN 36 to switch from the
second to the first call.

As mentioned above, in some example embodiments and
modes the digital call setup request signal which 1s sent over
the data network 34 to IP telephony system 40 may be
Session Initiation Protocol (SIP) INVITE message. Like-
wise, the further call setup request signals (such as signals
S-3-4 and S-3-4") sent by IP telephony system 40 to tele-
phony devices (such as extension telephony device 45) and
the IP-formatted setup request signal S-3-5 sent from IP
telephony system 40 to adaptor 20 may also be Session
Initiation Protocol (SIP) INVITE messages. Of course, the
different SIP INVITE messages have diflerent headers 1n
accordance with the different source (e.g., transmitting)
address and destination address of the respective messages.
Furthermore, as an optional feature, either 1n the INVITE
message or other message the processor 60 of adaptor 20
may be further configured to provide the IP telephony
system 40 with an account i1dentifier of a subscriber asso-
ciated with the communications adaptor 20. In other
example embodiments, processor 60 does not necessarily

10

15

20

25

30

35

40

45

50

55

60

65

14

need to provide the account identifier, since the SIP “From™
field will umiquely identify the identity of the adaptor first
port (FXO) 24, which can be cross-referenced to the sub-
scriber’s account identifier by the IP telephony system. In at
least some example embodiments described herein the adap-
tor 20 has the ability to send the caller ID information for the
calling party on the call setup request message to IP tele-
phony system 40.

The setup request messages described herein and the
signaling implemented by adaptor 20 need not necessarily
be SIP signaling. Other signaling protocols may be
employed, such as H.323, XMPP, and other websocket types
ol protocols.

In the foregoing embodiments, whenever a telephony
device answers the mcoming call from the public switched
telephony network (PSTN) 36, a response message 1s sent to
public switched telephony network (PSTN) 36 through
adaptor 20 and through adaptor first port 24 1n particular.
Thereafter the PSTN calling party hears the audio from the
called party. In historical telephony parlance when an
incoming call 1s answered by a te! ephony device, the tele-
phony device 1s said to go or be “ofl hook”. Such 1s the case
even though modern telephony dewces may not have the
hook feature of old time dial telephones. In embodiments in
which the SIP protocol 1s used for signaling, when one of the
extensions answers the call, that the answering device will
send a SIP 200 OK which then 1s converted to an off-hook
on the FXO port, e.g., adaptor first port 24.

In a situation in which the IP telephony system 40
contacts plural telephony devices 1n conjunction with setup
of an mcoming call, when the call 1s answered by the
first-to-answer telephony device a cancellation signal 1s sent
to the other telephony devices. For example, 1n a simulta-
neous ring scenario such as shown in FIG. 4C(3) all non-
answering telephony devices are sent a cancellation signal
alter the first-to-answer telephony device goes off hook. In
the sequential ring scenario of FIG. 4C(4) the answering of
the incoming call by any telephony device on the sequential
ring list results 1n the lower prionty devices not even
receiving a call setup message 1 a higher priority device
answers the call. If the higher priority device does not
answer within a defined interval, then a cancellation signal
1s sent to the higher priority device to make 1t stop ringing,
and a call setup message 1s sent to the next lower priority
device to make 1t start ringing. This process continues until
all devices 1n the sequential ring list are covered.

More detailed operation of an example embodiment of
adaptor 20 1s described with reference to FIG. 5. As shown
in FIG. 5, processor 60 comprises user agent logic 1n the
form of user agent 62 (also known as user server 62) and
user agent 64 (also known as user client 64); plural User
Datagram Protocol (UDP) ports, imncluding UDP ports 66
and 68; and relay controller 69. User Datagram Protocol
(UDP) 1s a connectionless oriented protocol that uses an IP
address for the destination host and a port number to 1dentity
the destination application. A UDP port number 1s distinct
from any physical port on a computer such as a COM port
or an I/O port address. The UDP port typically 1s a 16-bit
address that exists for the purpose of passing certain types of
datagram information to the correct location above a trans-
port layer of a protocol stack. Audio for voice over IP calls
1s typically carried in Real Time Protocol (RTP) packets
which are encapsulated 1n the UDP payload. In the particular
implementation shown in FIG. 5 UDP port 66 1s associated
with user agent 64 and port 26 while UDP port 68 1s
associated with user agent 64 and adaptor second port 26.
The relay controller 69 1s associated with a relay switch 70.
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FIG. 5 thus shows user agent logic as comprising user
agent 64 which handles calls or communications outgoing
from adaptor 20 toward IP telephony system 40. The user
agent 64 comprises signaling client 74 and signaling data
client 76. FIG. 5 further shows that user agent logic also
comprises user agent 62 which handles calls or communi-
cations which are mncoming to adaptor 20 from IP telephony
system 40. The user agent 62 comprises signaling client 84
and data client 86. As indicated previously, one type of
signaling that may be utilized by adaptor 20 1s Session
Initiation Protocol (SIP), and accordingly in one example
embodiment the user agent logic comprises SIP logic, with
the user agent 64 being a SIP client and the user agent 62
being a SIP server.

FIG. 5 and the foregoing description of adaptor 20 pro-
vides further 1nsight as to how, in an example embodiment
and mode, the adaptor 20 may communicate with public
switched telephony network (PSTN) 36, with analog tele-
phony device 32, and with IP telephony system 40. In
particular, the adaptor 20 1s provided with or assigned an
Internet Address (e.g., adaptor IP address) that corresponds
to adaptor second port 26. In communicating with IP tele-
phony system 40 the adaptor 20 uses 1ts adaptor IP address
as a source address when sending packets to IP telephony
system 40, and conversely the adaptor IP address 1s used by
IP telephony system 40 as a destination address for packets
intended for adaptor 20, e.g., packets which form signaling
or data which needs to be converted for use 1n communi-
cating with public switched telephony network (PSTN) 36
or analog telephony device 32.

FI1G. 5 also shows that the User Datagram Protocol (UDP)
ports are also used for providing further specificity as to
whether a packet 1s included mm a commumication with
analog telephony device 32 or with public switched tele-
phony network (PSTN) 36. In this regard, if the IP telephony
system 40 intends to send a message (such as a 200 OK
message) to the POTS calling party, the IP telephony system
40 specifies 1 the 200 OK message both the adaptor IP
address and the 1dentifier of the UDP port (e.g., UDP port
68) which 1s associated with public switched telephony
network (PSTN) 36. On the other hand, if the IP telephony
system 40 intends to send a message to the analog telephony
device 32, the IP telephony system 40 specifies in the
message both the adaptor IP address and the identifier of the
UDP port (e.g., UDP port 66) which 1s associated with 32.
The adaptor 1P address and the identifier of the UDP port are
in the body of the message. For example, 1n SIP protocol the
adaptor 1P address and the identifier of the UDP port may be
in a section of the 200 OK message referred to as session
description protocol (SDP). When using non-SIP protocols
the adaptor IP address and the identifier of the UDP port may
be included 1n other types of messages.

In other words, the message directed towards public
switched telephony network (PSTN) 36 includes (adaptor IP
address, port 68). On the other hand, 11 the IP telephony
system 40 intends to send a message to analog telephony
device 32, the IP telephony system 40 includes in the
message both the adaptor IP address and the identifier of the
UDP port associated with analog telephony device 32, e.g.,
(adaptor IP address, port 66). In similar way, using the UDP
port numbers, the processor 60 handles packets receirved
from IP telephony system 40, whether signaling (of any type
ol message) or (user) data.

The FIG. 5 representation of adaptor 20 also illustrates
that both user agent 64 and user agent 62 include function-
alities for separately handling signaling and user data. For
signaling outgoing from adaptor 20, signaling client 74
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generates new data messages based on information included
in the circuit switched messages received at adaptor first port
24 from the public switched telephony network (PSTN) 36,
and sends those new signaling messages to the IP address of
IP telephony system 40. Likewise, after the call or commu-
nication 1s set up, the analog content (e.g., voice) recerved
from public switched telephony network (PSTN) 36 1is
converted to packets by data client 76, and such data packets
are sent to UDP port 68 for transmission to the IP address for
IP telephony system 40. For signaling incoming irom IP
telephony system 40 when there 1s a call to public switched
telephony network (PSTN), the signaling client 74 gener-
ates, from the incoming IP-formatted signaling, new analog
signaling that 1s applied to adaptor first port 24. For signal-
ing mcoming from IP telephony system 40 when there 1s a
call to analog telephony device 32, signaling client 84
generates, from the mcoming IP-formatted signaling, new
analog signaling that 1s applied adaptor third port 28. After
the call or commumcation 1s set up, the packet-carried
digital content (e.g., voice or media) received from IP
telephony system 40 1s converted from digital to analog by
data client 76 and/or data client 86. Such analog signal 1s
sent by data client 76 to the first adapter port 24 (when there
1s a call to/from public switched telephony network (PSTN)
36), or the analog signal 1s sent by data client 86 to adaptor
third port 28 when analog telephony device 32 participates
in a call or communication.

It will be appreciated by those skilled i Internet tech-
nology that packets exchanged between adaptor 20 and IP
telephony system 40, while transmitted between respective
internet addresses for adaptor 20 and IP telephony system
40, may travel different paths through data network 34.
Indeed, for the same call or communication the signaling 1n
which either signaling client 74 or signaling client 84
participates with IP telephony system 40 may ftravel a
different path than the data packets with which data client 76
and data client 86 participate with IP telephony system 40.

As explained above, the adaptor 20 (and signaling client
74 1n particular) may generate an outgoing signal for trans-
mission to IP telephony system 40, and such outgoing signal
may result from receipt of an analog signal on line 30 from
public switched telephony network (PSTN) 36. In an
example embodiment and mode the signaling client 74 may
include 1n the outgoing signal to IP telephony system 40 an
indication that the outgoing signal was prompted by or
occurs 1n conjunction with a communication involving the
public switched telephony network (PSTN) 36 (e.g., either

the calling party or the called party may participating in the
call or communication using resources of the public
switched telephony network (PSTN) 36). As shown 1n FIG.
6, such indication of PSTN involvement, e.g., a PSTN flag
87, may comprise one or more bits, or a field, in the outgoing
IP packet 88. Preferably the PSTN flag 1s included 1 a
header of a signaling packet (e.g., part of an SIP packet 89)
of the outgoing IP packet. Although the PSTN flag 87 may
occupy any appropriate location 1n the outgoing IP packet,
in some example implementations the PSTN flag 1s consid-
ered a custom parameter and 1s added towards the end of a
header of the signaling (SIP) packet.

The IP telephony system 40 may be configured to detect
the PSTN flag 87 and take an appropriate action, such as an
action that occurs or 1s desired as a result of the receipt of
a PSTN signal and/or handling of an incoming call origi-
nated from public switched telephony network (PSTN) 36.
For example, the IP telephony system 40 may accumulate
statistics, or enable another node to accumulate and analyze
statistics, pertaining to the origination sources of calls or
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communications handled by IP telephony system 40. Alter-
natively, the IP telephony system 40 may assess a different
tarifl or fee for communications or calls that imnvolve (e.g.,
are originated at) public switched telephony network
(PSTN) 36 as opposed to communications or calls generated
by an IP telephony system or service.

It will be appreciated that the tracking or monitoring of
PSTN-flagged calls (e.g., calls in which public switched
telephony network (PSTN) 36 participates, either in origi-
nation of the call or otherwise) may be implemented by a
processor, controller of a computer circuit, such as the
computer circuit 61 of FIG. 2. Indeed other functionalities of
IP telephony system 40 as wherein described, such as call
setup fTunction 42, telephony device register 43, and
enhanced service function 44, may be implemented by one
or more such computer circuits 61. The computer circuitry
61 may be implemented at one or more servers, at one or
more nodes of IP telephony system 40, and 1n some cases
may also ivolve equipment external to IP telephony system
40.

The adaptor 20 not only handles incoming calls, e.g., calls
incoming on line 30 from public switched telephony net-
work (PSTN) 36 and calls originated or conveyed via IP
telephony system 40, but also calls outgoing from analog
telephony device 32. In other words, the calls placed by
analog telephony device 32 when the calling party uses
analog telephony device 32 are also handled by adaptor 20.
In this regard, the processor 60 of adaptor 20 may execute
predefined logic for the handling of an outgoing call initiated
by analog telephony device 32. That predefined logic
executed by processor 60 may either be programmed at
processor 60, or downloaded to processor 60 from IP
telephony system 40, for example. The analog signaling for
all calls mitiated by analog telephony device 32 1s transmiut-
ted through adaptor third port 28 to UDP port 68, and new
SIP INVITE 1s generated when the user goes ofl-hook and
dials a number.

In one predefined outgoing call protocol the processor 60
may route all but certain excepted outgoing calls to IP
telephony system 40 rather than to public switched tele-
phony network (PSTN) 36. In other words, the processor 60
may be configured by default to connect the adaptor third
port 28 to the adaptor second port 26 when the analog
telephone device mitiates 32 an outbound communication,
unless the processor receives a default override indication.
The excepted outgoing calls that are routed to public
switched telephony network (PSTN) 36 rather than to IP
telephony system 40 may include emergency (e.g., E911)
calls or calls that include an overrnide indication, e.g., are
begun with a certain prefix (e.g., *55). For the non-excepted
calls which are to be transmitted to IP telephony system 40,
the digitally-formatted signaling 1s routed using UDP port 66
and adaptor second port 26 and via data network 34 to IP
telephony system 40. For the excepted calls which are to be
transmitted to public switched telephony network (PSTN)
36, the digitally-formatted signaling 1s converted to analog
signaling (e.g., by incoming signaling client 84) and routed
through adaptor first port 24 to public switched telephony
network (PSTN) 36. Media going between adaptor {irst port
24 and adaptor third port 28 does not use UDP ports, but
rather media frames are directly transferred between the
ports within the processor. This occurs 1n a similar manner
as the acts described 1n Table 2 as discussed above.

Another predefined outgoing call protocol may be the
exact opposite for the foregoing. Or as a variation of the
foregoing emergency calls may be routed to IP telephony
system 40. The customer and/or IP telephony system 40 thus
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has flexibility in implementing an outgoing call protocol for
calls outgoing from analog telephony device 32.

Even for outgoing calls from analog telephony device 32
for which a call setup request message 1s not sent to IP
telephony system 40, the processor 60 may be configured to
generate a notification signal or to the IP telephony system
40 with information to enable the IP telephony system 40 to
make a record of the outbound communication, e.g., in
conjunction with the customer’s account.

In an example embodiment and mode adaptor 20 monitors
the viability or availability of data network 34 and/or the
connection of adaptor 20 to data network 34. In this regard
adaptor 20 and processor 60 1n particular 1s provided with
network monitor 71 as shown in FIG. 5.

Should the network monitor 71 determine that adaptor
second port 26 has lost connection to data network 34, e.g.,
determine that the data network 34 1s unavailable, the
network momnitor 71 directs that processor 60 handle all
subsequent incoming PSTN calls as analog calls routed to
the analog telephony device and all outgoing calls from
analog telephony device 32 be handled as analog calls
routed to the PSTN. Sumply speaking, when the data net-
work 34 1s unavailable the processor 60 routes communi-
cations between the adaptor first port 24 and the adaptor
third port 28. More specifically, after network monitor 71
determines that the adaptor’s 20 connection to data network
34 has been lost (e.g., 1s unavailable), for an incoming PSTN
call on analog communications line 30 the processor 60
receives the analog call setup request signaling via adaptor
first port 24, and sends an analog call setup request signal to
analog telephony device 32 through adaptor third port 28. In
so doing, the processor 60 first converts the analog call setup
request signaling received from public switched telephony
network (PSTN) 36 to digital form within processor 60, and
then reconverts the digital form to analog form for applica-
tion via adaptor third port 28 to analog telephony device 32.
Since the network monitor 71 has determined that the
connection to data network 34 has been lost, for this
incoming PSTN call setup request signal the processor 60
does not create a new digital call setup request message for
transmission to IP telephony system 40.

Similarly, after network monitor 71 determines that the
adaptor’s 20 connection to data network 34 has been lost or
that the data network 34 1s unavailable, for an outgoing call
from analog telephony device 32 the processor 60 receives
the call setup request signal from analog telephony device
32 through adaptor third port 28, and ultimately sends a call
setup request signal to public switched telephony network
(PSTN) 36 through adaptor first port 24. In so doing, the
processor 60 first converts the analog call setup request
signaling recerved from analog telephony device 32 to
digital form within processor 60, and then reconverts the
digital form to analog form for application via adaptor first
port 24 to analog communications line 30. Thus, for such
scenario the processor 60 does not generate a digital call
setup request signal to IP telephony system 40.

The processor 60 may similarly route signaling and user
data within processor between adaptor first port 24 and
adaptor third port 28, e.g., between public switched tele-
phony network (PSTN) 36 and analog telephony device 32,
on other occasions as well. For example, the IP telephony
system 40 may determine that the IP telephony system 40
should not be used for the customer, and IP telephony system
40 may send a signal to adaptor 20 to direct the processor 60
to route signaling and user data between adaptor first port 24
and adaptor third port 28 1n the manner described above. As
an example situation, 1f the service provider were oflering
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the enhanced services as a priced option with an additional
fee, and 11 the customer was not subscribed to this option,
then there may be no need to field the call 1n the IP telephony
system and tie up resources. Instead the system could direct
that the call be handled locally in the adapter. It may just
want to be notified of the call so that it can maintain proper
records of all calls

In the event that power 1s lost to the adaptor 20, the relay
switch 70 closes, since 1t 1s a normally closed relay. With
relay switch 70 closed, a bridge or direct relay 1s formed
between adaptor first port 24 and adaptor third port 28 so
that any signaling and user communication received at one
port 1s directly communicated to the other port, without any
involvement of processor 60 and thus no signaling sent to IP
telephony system 40. When power 1s restored, and the
adaptor resumes normal operation, the processor 60 opens
the relay switch 70 via the relay control function.

FIG. 2 illustrates elements of machine hardware in the
example form of computer circuitry 61 that may comprise
adaptor 20 or IP telephony system 40. In the illustrated
example embodiment, the machine hardware or computer
circuitry 61 comprises a computer, €.g., computer equip-
ment, but in other example embodiments the machine hard-
ware may 1nstead comprise or encompass, without limita-
tion, digital signal processor (DSP) hardware, reduced
istruction set processor, hardware (e.g., digital or analog)
circuitry including but not limited to application specific
integrated circuit(s) [ASIC], and/or field programmable gate
array(s) (FPGAC(s)), and (where approprate) state machines
capable of performing such functions.

FIG. 2 shows an example of such machine hardware/
computer circuitry 61 as comprising one or more processors
92; memory(ies) 94; mput/output interfaces 96; peripheral
interfaces 98; support circuits 100; and buss(es) 106 for
communication between the aforementioned units.

Each adaptor 20 and IP telephony system 40 may include
multiple processors 60/92, along with their operating com-
ponents and programming, each carrying out a specific or
dedicated function. The processor 60/92 shown i FIG. 2
may be one of any form of a general purpose computer
processor used 1n accessing an IP-based network, such as a
corporate 1ntranet, the Internet or the like. The processor 92
comprises one or more central processing units (CPUs) 114.

The memory(ies) 94 may comprise memory such as
program instruction memory 116 and other memory 118
(e.g., RAM, cache, etc.). The memory(ies) 94 may comprise
computer-readable medium, and may be one or more of
readily available memory such as random access memory
(RAM), read only memory (ROM), floppy disk, hard disk,
flash memory or any other form of digital storage, local or
remote, and 1s preferably of non-volatile nature.

The support circuits 100 are coupled to the processor
60/92 for supporting the processor in a conventional manner.
These circuits may include cache, power supplies, clock
circuits, iput/output circuitry and subsystems, and the like

The mput/output interfaces 96 serve to connect the pro-
cessor 82 to possibly one or more mput/output devices (not
shown) for accessing the processor and/or performing ancil-
lary or administrative functions related thereto.

The peripheral iterfaces 98 may comprise circuitry and/
or logic for other elements, such as other components of
adaptor 20, e¢.g., adaptor first port 24, adaptor second port 26,
and adaptor third port 28.

The buss(es) 106 may comprise plural or a single bus
structure, with numerous buss configurations being possible
without degrading or otherwise changing the intended oper-
ability of the processor 60/92.
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One or more software routines or software programs are
normally stored in program instruction memory 116. Some
of the software routines or soltware programs may be
referred to as “applications”. FIG. 2 shows one such soft-
ware routine or software program 120 as being loaded from
program 1nstruction memory 116 mto CPU 114 so that the
soltware program 120 1s executed by processor 94. Execu-
tion of the software program 120 causes the processor 60/92
to perform processes of the disclosed embodiments. Also,
the soltware routines could also be stored remotely from the
CPU. For example, the software could be resident on servers
and memory devices that are located remotely from the
CPU, but which are accessible to the CPU via a data network
connection.

Although the processes of the disclosed embodiments
may be discussed as being implemented as a software
routine, some of the method steps that are disclosed therein
may be performed 1n hardware as well as by a processor
running soitware. As such, the embodiments may be imple-
mented 1n soitware as executed upon a computer system, in
hardware as an application specific integrated circuit or
other type of hardware implementation, or a combination of
software and hardware. The software routine 100 of the
disclosed embodiments 1s capable of being executed on any
computer operating system, and 1s capable of being per-
formed using any CPU architecture.

The functions of the various elements including func-
tional blocks, including but not limited to those labeled or
described as “computer”, “processor’ or “controller”, may
be provided through the use of hardware such as circuit
hardware and/or hardware capable of executing soitware in
the form of coded 1nstructions stored on computer readable
medium. For the machine hardware of each processor such
soltware may be stored on non-transient memory such as
program 1nstruction memory. Thus, such functions and
illustrated functional blocks are to be understood as being
either hardware-implemented and/or computer-imple-
mented, and thus machine-implemented.

In terms of hardware implementation, the functional
blocks may include or encompass, without limitation, digital
signal processor (DSP) hardware, reduced instruction set
processor, hardware (e.g., digital or analog) circuitry includ-
ing but not lmmited to application specific integrated
circuit(s) [ASIC], and/or field programmable gate array(s)
(FPGAC(s)), and (where appropriate) state machines capable
ol performing such functions.

In terms of computer implementation, a computer 1s
generally understood to comprise one or more processors or
one or more controllers, and the terms computer and pro-
cessor and controller may be employed interchangeably
herein. When provided by a computer or processor or
controller, the functions may be provided by a single dedi-
cated computer or processor or controller, by a single shared
computer or processor or controller, or by a plurality of
individual computers or processors or controllers, some of
which may be shared or distributed. Moreover, use of the
term “processor’ or “controller” shall also be construed to
refer to other hardware capable of performing such functions
and/or executing soltware, such as the example hardware
recited above.

The technology disclosed herein provides many benefits
and advantages, including a more seamless onboard expe-
rience. With installation of the adaptor 20 there 1s no need
for a customer to cancel the existing POTS service, or move
a telephone number over to a provider of internet telephony
services. Moreover, the customer i1s also able to obtain
advantage ol enhanced services of an Internet Protocol
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telephony system for incoming POTS calls. Yet further, the
adaptor 20 maintains access to public switched telephony
network (PSTN) 36 when the broadband connection 1s not
available.
Although the description above contains many specifici-
ties, these should not be construed as limiting the scope of
the technology disclosed herein but as merely providing
illustrations of some of the presently preferred embodiments
of the technology disclosed herein. Thus the scope of the
technology disclosed herein should be determined by the
appended claims and their legal equivalents. Therefore, 1t
will be appreciated that the scope of the technology dis-
closed herein fully encompasses other embodiments which
may become obvious to those skilled 1n the art, and that the
scope of the technology disclosed herein 1s accordingly to be
limited by nothing other than the appended claims, in which
reference to an element 1n the singular 1s not intended to
mean “one and only one” unless explicitly so stated, but
rather “one or more.” All structural, chemical, and functional
equivalents to the elements of the above-described preferred
embodiment that are known to those of ordinary skill in the
art are expressly incorporated herein by reference and are
intended to be encompassed by the present claims. More-
over, 1t 1s not necessary for a device or method to address
cach and every problem sought to be solved by the tech-
nology disclosed herein, for it to be encompassed by the
present claims. Furthermore, no element, component, or
method step i the present disclosure i1s itended to be
dedicated to the public regardless of whether the element,
component, or method step 1s explicitly recited 1n the claims.
No claim element herein 1s to be construed under the
provisions of 35 U.S.C. 112, sixth paragraph, unless the
clement 1s expressly recited using the phrase “means for.”
What 1s claimed 1s:
1. A communications adaptor comprising;
an adaptor first port configured to connect to an analog
communications line;
an adaptor second port configured to connect to a data
network:
an adaptor third port configured to connect to an analog
telephony device;
a processor configured to determine that a first call setup
request signal has been received at the adaptor first
port, and subsequent to such determination:
transmit a second call setup request signal over the
adaptor second port to an Internet Protocol (IP)
telephony system over the data network;

generate a third call setup request signal by converting
the second call setup request signal from digital to
analog format; and

transmit the third call setup request signal over the
adaptor third port.

2. The communications adaptor of claim 1, wherein the
second call setup request signal includes an indication that
the first call setup request was received at the adaptor first
port.

3. The communications adaptor of claim 1, wherein the
processor 1s further configured to provide the IP telephony
system with an account identifier of a subscriber associated
with the communications adaptor.

4. The communications adaptor of claim 1, wherein the
processor 1s further configured to simultaneously transmit
the third call setup request signal over the adaptor third port
and transmit the second call setup request signal over the
adaptor second port.

5. The communications adaptor of claim 1, wherein the
processor 1s further configured to transmit the third setup
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request signal to the adaptor third port at a time delay after
transmission of the second setup request signal to the
Internet Protocol (IP) telephony system.

6. The communications adaptor of claim 1, wherein the
processor 1s configured to generate the third setup request
signal upon receipt of a fourth setup request signal received
from the Internet Protocol (IP) telephony system.

7. The communications adaptor of claim 6, wherein the
processor 1s configured to convert the fourth setup request
signal to the third setup request signal.

8. The communications adaptor of claim 1, wherein the
processor 1s further configured:

to receive an ofl hook condition indication from the

analog telephony device and;

in accordance with the ofl hook condition indication to

cancel the second setup request signal to the IP tele-
phony system over the data network.

9. The communications adaptor of claim 8, wherein the
processor 1s further configured in accordance with the oflf
hook condition imndication to generate a notification signal to
the IP telephony system with information to enable the IP
telephony system to make a record of the incoming com-
munication.

10. The communications adaptor of claim 1, wherein the
processor 1s further configured:

to recerve an ofl hook condition indication of an extension

telephony device registered with the IP telephony sys-
tem; and

in accordance with the ofl hook condition indication to

cancel the third setup request signal to the analog
telephony device.

11. The communications adaptor of claim 1, wherein the
processor 1s further configured:

to make a determination regarding unavailability of the

data network; and

in accordance with the unavailability determination, to

route communications between the adaptor first port
and the adaptor third port.

12. The communications adaptor of claim 1, wherein the
processor 1s configured by default to connect the adaptor
third port to the adaptor second port when the analog
telephone device imitiates an outbound communication
unless the processor receives a default override indication.

13. The communications adaptor of claim 12, wherein the
processor 1s configured to generate a notification signal to
the IP telephony system with information to enable the IP
telephony system to make a record of the outbound com-
munication.

14. A method 1n a communications adaptor comprising:

recerving at an adaptor first port of the communications

adaptor a first setup request signal for an mmcoming
communication carried over an analog communications
line:

generating a second setup request signal for transmission

to an Internet Protocol (IP) telephony system over a
data network connected to an adaptor second port of the
communications adaptor when the setup request signal
for the mcoming communication 1s received over the
analog communications line;

generating a third setup request signal for the incoming

communication received over the analog communica-
tions line for transmission to an adaptor third port of the
communications adaptor by converting the second
setup request signal transmitted to the Internet Protocol
(IP) telephony system, the adaptor third port of the
communications adaptor being connected to an analog
telephony device.

"y
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15. The method of claim 14, wherein the second setup
request signal 1s a digital setup request signal and the third
setup request signal 1s an analog setup request signal.

16. The method of claim 14, further comprising config-
uring the second setup request signal for transmission to an
Internet Protocol (IP) telephony system to include an indi-
cation that the incoming communication was received at the
adaptor {first port.

17. The method of claim 14, further comprising transmuit-
ting the third setup request signal to the adaptor third port
simultaneously with the generation of the digital setup
request signal for transmission to an Internet Protocol (IP)
telephony system.

18. The method of claim 14, further comprising transmuit-
ting the third setup request signal to the adaptor third port at
a time delay after transmission of the second setup request
signal to the Internet Protocol (IP) telephony system.

19. The method of claim 18, further comprising config-
uring the time delay to allow the Internet Protocol (IP)
telephony system to perform a call enhancement service.

20. The method of claim 19, further comprising perform-
ing call forwarding, simultaneous ring, or sequential ring as
the call enhancement service.
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21. The method of claim 14, further comprising

recerving an ol hook condition indication from the analog
telephony device and;

in accordance with the off hook condition indication,
cancelling the second setup request signal to the IP
telephony system over the data network.

22. The communications adaptor of claim 14, further

comprising:

recerving an oil hook condition indication from an exten-
sion telephony device registered with the IP telephony
system; and

in accordance with the off hook condition indication
canceling the third setup request signal to the analog
telephony device.

23. The method of claim 14, further comprising:

recerving a fourth setup request signal from the IP tele-
phony system; and

using the fourth setup request signal to generate the
analog setup request signal for transmission to the

adaptor third port.
24. The method of claim 23, further comprising generat-
ing the third setup request signal by converting the fourth
setup request signal from digital to analog.
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